Abstract Organizations that include a manufacturing, assembly and/or material processing (MAMP) functions have become increasingly complex, competitive, and dynamic. These organizations demand increased emphasis on recruiting, developing, and retaining management talent to gain a competitive edge. This paper uses a modified Delphi triangulation approach to identify and categorize first-level MAMP management competencies perceived to be important by three critical stakeholder groups -an expert MAMP upper management panel, first-level MAMP managers who have been employed between one to three years, and business management faculty members. The results identify 14 knowledge, skill, and value-based competencies and three higher-order factors as essential components within the MAMP management function. There was considerable consistency in the perceptions of the three groups in evaluating the importance of these competencies, with the exception that first-level managers placed greater importance on technical skills for daily MAMP activities than upper management.
Introduction
Identifying the requisite competencies for achievement in an occupational field is a critical process in human resource management. Of particular importance is the task of identifying qualities that define effective managers. The general definition for management competency used in this paper is a cluster of related knowledge, skills, and attitudes that affects a major part of one's job (a role or responsibility), that correlates with performance on the job, that can be measured against well-accepted standards, and that can be improved via training and development (Parry, 1996) .
Numerous studies have identified relevant managerial competencies, and several have focused on the complexities and ambiguities of managerial work. Research has indicated that the variations in skills, functions and contexts of management roles makes a one-size-fits-all competency profile impractical (Hales, 1986; Hirsh and Bevan, 1988; McKenna, 2002; Whitely, 1989) . Accordingly, this paper seeks to distinguish and identify competencies for a specific group of managers who oversee manufacturing, assembly and/or material processing (MAMP) functions. Because MAMP functions are often technical, generic management competencies developed for non-technical fields (e.g. Rausch et al., 2002) may not be sufficient for defining relevant competencies.
The technical MAMP supervisor or manager is primarily concerned with planning, organizing, directing, and controlling the activities of engineers, production workers, research and development (R&D) people, designers, draftsmen, individual contractors, maintenance staff, and other technical and non technical personnel. All of the above-mentioned employees need to be managed to successfully achieve desired goals in R&D, product design and development, manufacturing process control, facility maintenance, quality control, and workforce management.
The competencies needed by MAMP managers which differ from general managers are driven primarily by the technical nature of MAMP environments. The MAMP managers of the future require new management technologies, policies, communication skills, manufacturing process expertise, and leadership styles to manage and thrive in the midst of change. According to Badawy (1995) , the job of the technical manager in the twenty-first century will clearly be more complex. Rosenbaum (1991) indicates that technical leadership takes a special combination of knowledge about science and technology to acquire respect, knowledge about behavior, and skill to lead. At the heart of these challenges is the universal need for effective and competent managers. As D' Netto and Sohal (1999, p. 160) 
Today, a production manager must have technical knowledge relevant to his/her industry, highly developed interpersonal skills, knowledge of advanced manufacturing technology, knowledge of other functional areas within the organization and the ability to accept and guide change. Gone are the days when the production manager could concern himself/herself only with getting the product out. He/she now needs to produce continually changing products on time, more cheaply and with increasingly better quality.
To survive today, companies must produce world-class, quality products and services, design those products to meet the specific customer's needs, and deliver them quickly anywhere in the world at a competitive price (Howardell, 2003) . This will require a manufacturing workforce to work as a team, exhibit creativity, respond to customers, continually improve processes, effectively balance their lives and careers, and turn policy into action.
MAMP functions are a key resource of significant importance to corporate profitability and growth. The need for competent managers in these areas cannot be overemphasized. The organization, coordination, direction, allocation, and control of MAMP operations are the fundamental responsibilities of MAMP managers. How well managers perform these tasks will largely determine the firm's survival and growth.
In this paper, we employ a three-step methodology to identify the competencies that define a successful MAMP manager. We first queried a team of upper management MAMP experts to generate a broad list of competencies required by successful first-level MAMP managers. We then refined the list, pre-tested a survey instrument, and administered the survey among three key constituency groups -seasoned corporate MAMP upper management, first-level MAMP management, and business management faculty whose expertise is primarily in the area of manufacturing. Finally, we analyzed the results to reveal the underlying factors and to compare their relative importance, both now and in the future, among the three respondent groups. The factors that emerged and their perceived importance provide a set of competencies that define a successful MAMP manager, and that can be used for recruiting, training, motivating, and developing a management team within a manufacturing organization.
Research methodology
An initial list of competencies required by MAMP managers was generated by a panel of experts who were in corporate positions that were directly relevant to the functions of MAMP managers. For this study, criteria that defined expertise for involvement in the Delphi included: upper-level managers of mid to large size organizations that contain a MAMP component; employed for at least five years with their current organization; and availability and willingness to participate in the Delphi exercise. Of the 36 potential panelists who were contacted about the study, 26 were able to participate. These upper-level managers represented firms from a variety of industries, including, but not limited to, aerospace, industrial electronic systems, plumbing products, and semiconductors, and ranged in size from $4 million to $130 billion in annual revenues.
Typically, the first step in program development is the identification of instructional and educational objectives. Educational objectives are often categorized into three distinct domains -cognitive, affective and psychomotor. Consistent with this framework, a knowledge-skill-value (KSV) structure was used to facilitate the identification of key competencies. The title of knowledge was selected to represent the cognitive domain, value for the affective, and skill for the psychomotor.
The expert panelists were asked to generate a list of at least five knowledge, five skill, and five value competencies required by MAMP managers. This process yielded a total of 265 competencies. The initial list was independently analyzed by two researchers to categorize the items and eliminate duplicates. The refined list of 109 competencies was incorporated into a questionnaire for pre-testing. The questionnaire's format, length, and style were evaluated, and the wording, potential duplication and relevance of each competency were examined by an independent panel of five business faculty members. The test questionnaire was amended with the suggested changes, and the final version consisted of 33 knowledge, 33 skill, and 27 value competencies for evaluation. The revised questionnaire was sent to the expert and faculty panels, as well as a panel of first-level managers in various manufacturing facilities. For convenience purposes, all of the panelists were located in California. The revised questionnaire was presented in a two-part format with a five-point Likert scale rating both the current and future importance of each competency. A total of 26 usable questionnaires were received from the expert panel, 24 from the faculty panel, and 34 from the first-level manager panel.
Analysis
Due to the large number of individual KSV competencies (93), we subjected them to exploratory factor analysis in an attempt to identify the underlying dimensions as perceived by the participants. A principal components analysis was conducted on each of the categories in an effort to reduce the data into more manageable scales. A total of 14 factors emerged. Alpha reliabilities ranged from 0.61 to 0.86, with three scales under the customary reference point of 0.70. The Appendix summarizes the contents of each factor.
A one-way analysis of variance (ANOVA) was used to determine if significant differences occurred between groups (experts, first-level managers and faculty) in their perceived importance of the factors. If a significant F-ratio was found, a post hoc comparison, Tukey's HSD test, was applied to determine where significant differences exist. Finally, a paired sample t-test was performed to compare perceptions of the current versus future importance of the various competencies.
Emergent factors defining a competent MAMP manager
The 14 factors that emerged -five knowledge factors, five skills factors, and four value factors -are listed in the Appendix and briefly described as follows.
Knowledge scales KSCALE1: foundational systems. The theme that runs through this set of items is grounded in the basics of mechanical and manufacturing understanding. A group (expert, first-level manager or faculty) that scores a high rating on this scale feels that it is important to understand technical systems and their applications. This scale focuses on the rudimentary underpinnings of manufacturing equipment, processes, and materials.
KSCALE2: competitive strategies. This scale emphasizes the required tools and concepts necessary for staying ahead of the competition. The group that rates these competencies high recognizes the role that information technology plays in customer satisfaction. Using the speed and efficiency of computer technology to design, present and market a quality product is the focus of this scale. A high rating on this scale also identifies a keen understanding of the organizational wide inter-functional relationships that are required for the successful product throughout its life cycle.
KSCALE3: requisite management. This scale includes competencies that center on successful manufacturing system necessities that occasionally are overlooked to the detriment of the organization. The focus is on compliance to standards that enable employees to produce a quality product in a safe, comfortable, well-organized and controlled environment. Knowledge of these concepts would provide a manager with a good foundation in the area of total quality management.
KSCALE4: project management. The common elements in this scale are directed toward the successful completion of a project. Knowledge of planning and scheduling are essential here. The group that rates high on this scale recognizes that the only way to manage a successful project is to understand the constraint areas that might prevent the steady rate of work. A consistent level of quality combined with a steady rate of throughput enables a project to be managed efficiently.
KSCALE5: materials management. High ratings on this scale indicate that the group recognizes the importance of regulating the flow of materials in an organization. Lowering the amount of money tied up in inventory is the theme for this set of knowledge competencies. Additionally, the critical understanding of the following operational measurements is evident in the scale:
. throughput: the rate at which money is generated by the organization through sales;
. inventory: all the money that the organization has invested in purchasing items it intends to sell;
. operating expenses: all the money that the organization spends to turn inventory into throughput.
The significance of computer technology to enable the materials management effort is a common link within the scale.
Skill scales SSCALE1: technical analysis. The theme of this scale is implementing the technical skills that are necessary to analyze a situation and institute a remedy. It is essential that the remedy be based on sound technical constructs. A continually growing base of resources can conceivably improve upon the analysis that is developed. The group that rates high on this scale reveals a critical appreciation for the numerous tools and resources that are available when making comprehensive decisions. The skills that make up this scale establish a foundation in the techniques of situational analysis.
SSCALE2: transformational leadership. A high rating on this scale encompasses the importance of leadership skills in the role of an effective manager. The focus is on interpersonal relationships as a critical area in terms of overall organizational effectiveness. The MAMP manager that excels in the skills that make up this scale will recognize that leadership is an evolving discipline that matures by experience and adaptation toward established benchmarks. Transformational leadership requires the gathering of skills to become more sensitive, conscious and proactive toward the transformation of an organization, leading by example.
SSCALE3: diagnostic efficiency. After a problematic situation has been identified by technical analysis, this scale focuses on the applied skills and techniques that diagnose a situation further. A high rating would indicate a significant value has been placed on the applied dimension. The emphasis is in moving from the theoretical toward the actual. The application of the skills that make up this scale could add a dimension of expediency and efficiency in regulating the situation in question.
SSCALE4: workforce development. A group that rates high on this scale identifies the skills that build positive relationships with the workforce as essential. The skill set provides managers with the tools to identify, relate, respect and utilize employees in an effective manner. This scale has added significance in the light of today's organizational recognition of employees being the backbone of the company.
SSCALE5: organizational strategies. The final skill scale emphasizes decision-making skills and their relationship to the organization as a whole. While the focus of the scale is on the decision making process, the inclusion of teamwork and customer awareness provides direction and priority to the process. Since most problems are viewed as a potential crisis in some area of the organization, it is critical to understand that a team effort is usually exponentially better, and the customer's problems should always be looked upon as a potential crisis.
Value scales VSCALE1: credibility management. The focus of this scale is on the values that a manager holds that would enhance credibility. A high rating on this scale would indicate that a successful manager must establish a high level of credibility in order to be followed. Mastery of certain skills and knowledge certainly play a role in one's credibility; however, this scale more accurately depicts a manager's character trait of credibility.
VSCALE2: assertive leadership. A high rating score on this scale would indicate that a group recognizes the importance of being able to manage from an assertive position. A successful manager must avoid being manipulated by another's behavior, or be undermined by others false expectations and assumptions. It is critical that the assertive leader values and practices the competencies identified in this scale to prevent communications with others from seeming aggressive.
VSCALE3: collaborative management. The focus of this scale is on sensitivity and participation. The collaborative manager cares deeply about others by developing their self worth and self-respect both from a personal and organizational perspective. To avoid being manipulated, the collaborative values must be balanced with the assertive values presented in VSCALE2. A high rating of this scale recognizes a commitment to developing a positive organizational climate through an individual's positive self-image which results in high morale and increased productivity.
VSCALE4: responsiveness management. The focus of this scale is on taking action. A high group rating of this scale indicates the importance of self-directed incentive. A successful manager must value the process of careful listening and understanding the inputs, and the satisfaction of transforming them into outputs without extensive hand-holding or external motivation.
Perceived importance of each factor
The perceived importance of the competency factors was extremely consistent among each of the respondent groups. As Table I indicates, upper management, first-level managers, and business faculty reported similar importance ratings for all of the factors except two -foundational systems and diagnostic efficiency.
Upper managers perceived foundational systems to be of less importance than first-level managers, and they perceived diagnostic efficiency to be of less importance Table I . Perceived current (future) importance of each factor than did the first-level managers and business faculty. One explanation for these differences is that upper management is somewhat removed from the day-to-day activities in MAMP operations and thus perceive the fundamental elements of these constructs to be of lesser importance than the first-level managers who are involved in the daily operations, and business faculty who teach the fundamental skills exemplified in the diagnostic efficiency construct. Another explanation is that from upper management's perspective, leadership and management-related competencies are more important management issues for the overall success of a firm than the functionally-specific competencies of foundational systems and diagnostic efficiency, which are presumably handled by production personnel themselves.
The consistency among the three panels regarding the relative importance of the 14 knowledge, skill, and value competencies provides evidence of the validity of these factors as important indicators of MAMP managerial competence. The initial list of competencies was generated by a panel of expert MAMP upper managers, and was cross-validated by a panel of first-level MAMP managers with firsthand, current experience in MAMP operations, and business management faculty who research the field and prepare future MAMP managers. While many of these competencies may be similar to those required by managers in any field, the specific set of competencies generated from this study are particularly suited for the unique challenges faced by those who manage MAMP operations.
Higher-level factors
The 14 knowledge, skill and value competencies are independent from one another to the extent that they represent the distinct educational objective classifications of knowledge, skills, and values. A second-order factor analysis was completed in order to examine meaningful competency overlaps across the three areas. Table II summarizes the results of this analysis.
Three higher-order factors emerged, which we named organizational leadership, responsiveness planning, and technical foundations. The organizational leadership scale is comprised entirely of skill and value competencies. The scale contains a high level of conceptual overlap focusing on the interpersonal side of leadership and management. The responsiveness planning construct focuses on the knowledge and skill competencies necessary to enable a manager to take action within the context of the organization's strategy and the competitive environment. The group that rates technical foundations high recognizes the importance of having technical knowledge and skills that allow them to make accurate diagnoses for efficient managerial decisions throughout the organization. Perhaps it is this construct that primarily differentiates the requisite competencies of an MAMP manager from non-technical managerial fields.
As in the case of the first-order factor analysis, a comparison of the relative importance of these higher-order factors across the respondent groups displays considerable consistency, with the exception of the technical foundations construct, which upper managers perceived to be of less importance than first-level managers (see Table III ). Future competency significance A paired samples t-test was performed to compare the rating scores of the current agreement scales with the scores from the future significance scales (see Table I , numbers in parentheses). The difference in means between current and future importance was significant for four of the constructs: project management, foundational systems, diagnostic efficiency, and assertive leadership management. The same general trend was obtained for the other factors, but the means were not significantly different. One explanation for these results is the uncertainty of the future for MAMP managers. The panelists were confident in the importance of these competency factors for the current business environment, but exhibited greater uncertainty about the potential importance of these same factors in the future.
Conclusions and recommendations
In this study, we identified 14 competencies that define the scope of expertise required by successful MAMP managers. Some of these competencies, such as those labeled "competitive strategies", "project management", "transformational leadership", and "assertive leadership management", might be relevant for any managerial position. Others, however, such as "foundational systems", "materials management", and "diagnostic efficiency", incorporate competencies specifically within an MAMP context. It is within the knowledge and skill classifications that most of the competencies specific to MAMP seemed to emerge. Competencies relating to a manager's attitudes or values (credibility, assertive leadership, collaborative and responsiveness management) appear to be more universal across managerial domains. The challenge for future research is to develop a competency model that identifies specific tasks and behaviors that manifest the competencies we have identified, describes the interrelationships among the competencies, and theorizes the antecedents and consequences of the competencies. Future research should also seek to refine the definitions of the constructs we have identified and the scales used to measure them. For managerial application, the competency model will also need to incorporate the MAMP organization's mission, strategy and culture. After development of a framework, the next step would be the examination of current practices against the proposed framework by training and development personnel.
The results of this study indicate that in order to be effective, MAMP managers must possess a unique balance of interpersonal and leadership skills that are commonly associated with managers in general, as well as a significant depth of technical knowledge and skills about engineering, design, manufacturing, and operations. The implications for this are twofold. First, it is not enough for management candidates to have technical knowledge about manufacturing; they must also possess knowledge, skills, and values corresponding to interpersonal leadership competencies. The study also suggests that candidates who have been successful managers outside the MAMP domain may not have the technical competencies necessary to manage the challenges in a manufacturing organization. The development challenge for MAMP managers will be integrating the organizational leadership competencies identified in this study along with the responsiveness planning and technical foundation competencies that are often already established in non-management positions. As technology and globalization continue to change the competitive landscape, organizations will increasingly rely on MAMP managers with the proper balance of technical and interpersonal leadership competencies to lead their firms. 
